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ASYAB Forms 11, 12, and 13, the normative base for the ASVAB score scale was changed from the WMl
mobilization population of men to the 1980 weighted probability sample of American youth, Equating of the new
ASYAB forms simultanaously accomplished two basic goals. First, the scores on the new test forms were mde
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SUMMARY

Six new forms of the Armed Services Vocational Aptitude Battery
(ASVAB) were developed. The ASVAB is used in making personnel selection
and classification decisions by the United States Armed Services, It is
routinely updated to enhance security, to replace items that have become
obsolete, and to take advantage of advances in the field of psychological
measurement. The six new forms of the test were equated to a standard
reference test, ASVAB 8a, using normative data based on a 1980 weighted
probability sample of American youth, ages 18~23, Equating allows the
gsrvices to report the distributions of examinee ability on a common
metric or standard regardless of which form of the test the exarinees
take. It also provides consistent meanings for cutting 8scores used in
selection and classification.

The new forms of the ASVAB were analyzed using data collected in
Recruit Training Centers (RTCs) and Military Entrance Processing
Stations (MEPS). The subtests and items were analyzed using both
conventional and item response theory procedures., For each form, linear
and smoothed equipercentile equating tables were then developed for the
10 raw subtest scores, two raw-score composites, and 14 standard-score
composites. The Joint Services Selection and Classification Working
Group met in April of 1983 and selected two gets of linear equating
tables for future use. For ASVAB 12a, the tables developed in the RICs
for that form were selected. For the other new forms, the tables
developed in the MEPS using ASVAB lla were gselected,
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ARMED SERVICES VOCATIONAL APTITUDE BATTERY:
DEVELOPMENT OF FORMS 11, 12, AND 13

I, INTRODUCTILA

The United States Armed Services have used ability test batteries
in making personnel selection and classification decisions since early
in this century. The instrument currently used in making these
decisions is the Armed Services Vocational Aptitude Battery (ASVAB).
Since 1980, the ASVAB has consisted of ten individual subtests. These
subtests are General Science, Arithmetic Reasoning, Word Knowledge,
Paragraph Comprehénsion, Numerical Operations, Coding Speed, Auto and
Shop Information, Mathematica Knowledge, Mechanical Comprehension, and
Electronics Information. Scores from four of the subtests--Arithmetic
Reasoning, Word Knowledge, Paragraph Comprehension, and Numerical
Operations~-are used to compute an Armed Forces Qualification Test
(AFQT) composite score. The AFQT score is used to determine whether an
applicant is qualified for enlistment. Other composite scores,
computed using scores from two or more of the subtests, are used to
determine the qualifications of enlistees for training in different
occupational specialties in the various services.

The ASVAB is routinely updated to enhance test security, to
replace items that become obsolete, and to take advantage of advances
in the field of psychological measurement (Ree, Mullins, Mathews, &
Massey. 1982). New forms of the ASVAB are equated to a reference test
in order to place scores from the new forms on a common normative
scale. Equating allows the services to report and compare the
distribution of abilities on a year-to-year basis using a common metric
or standard. It also provides a consistent meaning for the scores
used in selection and classification (Ree, Mathews, Mullins,” & Massey,
1982).,

This report describes the development of six new forms of the
ASVAB. The new forms were developed using items supplied by the Air
Force Human Resources Laboratory (AFHRL) and pretested in a previous
study. The new forms were designed to parallel the existing ASVAB
forms in both their content and their statistical characteristics. The
data resulting from the administration of the new tests in Recruit
Training Centers (RTCs) and Military Entrance Processing Stations
(MEPS) were used to equate the new forms to ASVAB 8a. ASVABs 8, 9,
and 10 were referenced to the population of men serving during World
War II. Theese newly developed ASVABs-~11, 12, and 13--were referenced
to a 1980 weighted probability sample of American youth, males and
females ages 18-23., The equating tables produced in this study were
analyzed and tables for future use were suggested.




II. TEST CONSTRUCTION
Initial Item Posl

The initial item pool for the new parallel forms was developed
under a previous contract. The items were written, administered to
recruits at Lackland Air Force Base, Texas, and selected for additional
pretesting. The additional pretesting was accomplished in RTCs using
samples of both males and females, For each item pretested, the
proportion correct, point-biserial correlation, biserial zorrelation,
and estimates of the item respense theory (IRT) discrimination (a),
difficulty (b), and guessing (c) parameters were computed using
the LOX computer program. LOX is a modification of OGIVIA (Gugel,
Schmidt, & Urry, 1976) that uses OGIVIA”s minimum-chi-square
computational procedures for estimating the a, b, and c parameters
(cf., Ree, Mullins, Mathews, & Massey, 1982),

Table 1 shows the number of items required for the new forms in
each content area included in the ASVAB and the number of items
pretested in each area. Six unique gets of items were required for the
new forms of the gubtests included in the computation of the AFQT.

Only three unique gets of items were required for the new forms of the
other subtests. Items in these latter sets were re-ordéred to produce
an additional form from each set of items. A total of six new subtests
was required within each content area--six gsubtests with unique gets of
items for the content areas included in the computation of AFQT scores
and gix new subtests derived from three unique gets of it ms for the
other content areas,

Construction of Parallel Subtests

There were two primary objectives in creating the new parallel
cubtests., First, all of the new experimental forms should be parsllel
among themselves; second, the new forms should also be parallel to the
referance form, ASVAB 8a. The gecond objective was accomplished
indirectly by attempting to parallel the ASVAB 8b, which was used in
the pretesting study. The ASVAB 8t was used in the pretesting study
because it was the form most similar to the others with which it was
develrzed (ASVABs 8a, 9a, 9b, 10a, and 10b). 1Its use will therefore
ensure that the forms developed in the present study are maximally
simflar to the ASVAB 8, 9, and 10 forms.

Power Subtests

Procedure

Parallel forms for all non-speeded gubtests except Paragraph
Comprehension wers developed using the conventional item statistics




({.e., the proportions of examinees endorsing the items correctly and
the biserial correlations of the item scores with the total test
scores). A computer algorithm matched these statistics between the
reference form and the new experimental forms by mechanizing the
approach suggested by Guilford (1954, pp. 442-443), Guilford suggested
plotting the items with proportion co:rect and biserial correlatiorn on
Cartesian coordinates and selecting new items that were graphically
proximate to the reference items. In the computer algorithm, proximity
was evaluated using the Euclidian distance statistir (i.e., the
d-squared statistic). It was computed by summing tie squared
Jifferences between the two proportions correct and the two biserial
correlation coefficients for each reference item paired with each
experimental item.

- The matching algorithm was & two-stage procedure applied within
each content axea individually. In the first stage of the procedure,
the Euclidian distance was computed between each reference item and
each of the items in the experimental pool. The experimental item that
most closely matched each reference item was then identified. In the
second stage of the procedure, the experimental it<m matching the
hardest~to-match reference item was chosen to pavallel that reference
item in the new subtests. That jtem was then removed from the pool of
experimental items and the two stages were repeated. Each time the
stages were repeated, the best-matching experimental item remaining in
the pool was identified for each of the reference items and the item
matching the hardest-to-match reference item was chosen to parallel
that item and was removed from the pool. The two stages were repeated
until three or six new items (depending on the content area) had been
paired with each of the reference items. When the quota of three or
six items was reached for any reference item, that item was removed
from the process.

Unlike the other power subtests, the Paragraph Comprehension
subtests contained reading passages followed by one or more questions
referring to that passage. This format required that the items
pertaining to a single passage be considered together rather than as
{ndividual items in conmstructing the new forms. Additionally, the
amount of reading material contained in the passages had to remain
fairly constant across the six new forms and had to match the amount
found in the old form as closely as possibie. The new Paragraph
Comprehension subtests were therefore manually constructed. An attempt
was made to parallel the ASVAB 8b in average proportion correct and
average biserial correlation and to match the overall number of words
in the passages for the six experiuental tests. Because the pre~ested
Paragraph Comprehension jtemg referred to passages that were longer, on
the average, than those in ASVAB 8a or 8b, an attempt was also made to
minimize the overall passage length in the new subtests.

“ -
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Item Statistics Evaluation

The parallelism of the subtests was oval ated using two
procedures, First, the means and standard deviations of the
proportions correct, bigerial correlations, and 8, b, and ¢ item
parameters were computed.

General Science., Table 2 presents the pretest item statistics
for the General Science subtests. The proportions correct were similar
in mean and standard deviation across all new forms and ASVAB 8b, On
the average, the three new forms had mean biserial correlations 0,060
higher than that of ASVAB 8b., The mean 8 parameter of ASVAB 8b was
1.337 while the mean a parameters of the new forms ranged from 1.332
to 1,422, The mean b’s for the new forms were slightly lower than
the mean b on ASVAB 8b, The mean c parameters for the new forms
were an average of 0.067 lower than that of ASYAB 8b.

Arithmetic Reasoning. Table 3 summarizes the pretest item
statistics for the Arithmetic Reasoning subtests., The mean proportions
correct varied by a maximum of 0,003, The standard deviations of the
proportions correct among forms were also very similar, ranging from
0.152 to 0.163, The mean biserial item-total correlations for the six
new Zorms were all higher than that of ASVAB 8b, although the largest
differcnce was only 0,030, With the exception of the fifth new form,
the means of the 8 parametevs for the new forms were slightly lower
than the mean a parameter of ASVAB 8b. Again the difference was
small (0.021), The fifth form also had somewhat higher mean b and
C parameters than did the rest of the forms,

Word Rnowledge. Table 4 shows pretest item statistics for the
Word Knowledge subtests. The mean proportions correct were almost
identical across all forms, differing by only 0.001. The mean biserial
item~total correlations were an average of 0.042 higher on the new
forms than on ASVAB 8b. The mean a parameters ranged from 1.364 to
1.487 across the forms. The mean b parameters were similar across
the new forms. Tne mean b parameter for ASVAB 8b was 0.103 lower
than the average for the new forms., The mean ¢ parameters ranged
from 0.188 to 0,218.

Paragraph Comprehension. Table 5 shows the pretest item
statistics for the Paragraph Comprehension items. The mean proportions
correct for the new forms were more variable for the Paragraph
Comprehension gubtests than for any other subtegts. The mean
proportions correct for the new forms ranged from 0.751 to 0.759 and
the standard deviations of the proportions correct ranged from a low of
0.096 to a high of 0.i31, The standard deviation of proportions
correct for ASVAB 8b was slightly higher (0.148). The mean biserial
item-total correlations for the new forms of the Paragraph




Comprehension subtest ranged from 0.595 to 0.650, The mean biserial
correlation for ASVAB 8b was slightly lower (0.563). Mean a
parameters ranged from 1.366 to 1.657. The mean b parameters of the
new forms were from 0.134 to 0,282 units below the mean b parameter
for ASVAB 8b. The mean c parameters for the six new forms ranged

from 0.220 to 0.268, all substantially less than the meén c parameter
for ASVAB 8b of 0.399.

Auto and Shop Information. Table 6 summarizes the pretest item
gtatistics for the Auto and Shop Information subtests. All forms were
very similar in mean proportions correct. The standard deviations of
the proportions correct for two of the new forms were slightly lower
than those for the other new forms and ASVAB 8b, however. The mean
biserial correlations ranged from 0.598 for ASVAB 8b to 0.612 for two
of the new forms. The mean a parameters were slightly lower, 0.191
on the average, for the new forms than for ASVAB 8b. The mean b
parameters were gsimilar across forms; the largest discrepancy (0.014)
was between ASVAB 8b and the third new form. The mean c parameters
of the new forms were, on the average, 0.038 units lower than the mean
c parameter for ASVAB 8b.

Mathematics Knowledge. Table 7 shows the pretest item
gtatistics for the Mathematics Knowledge subtests. The mean
proportions correct were identical for all four forms. The standard
deviations of the proportions correct were somewhat smaller for the new
forms than for the ASVAB 8b. The mean piserial item-total correlations
for the new forms ranged from 0.602 to 0,618 and were slightly higher
than the mean for ASVAB 8b (0,566). The mean a parameters were an
average of 0.101 lower for the three new forms. The mean b
parameters were very gimilar across all forms, ranging from 0.216 to
0.305. The mean ¢ parameters for the three new forms ranged from
0.164 to 0.186 and were somewhat lower than the mean ¢ parameter for
ASVAB 8b (0.240).

Mechanical Comprehension. Tsble 8 gshows the pretest item
gtatistics for the Mechanical Comprehension subtests. The mean
proportions correct ranged from 0.643 to 0,650, The mean biserial
correlations were also similar across forms, ranging from 0.557 to
0.582, The mean a parameters were an average of 0.071 lower for the
new forms than for ASVAB 8b. The mean b parameters were similar
across all forms; the largest discrepancy from ASVAB 8b was
approximately 0,108 units. The mean ¢ parameters for the new forms
ranged from 0.230 to 0.243 and were slightly lower than the mean c

parameter for ASVAB 8b (0.267).

Electronics Information. Table 9 gummarizes the pretest item
statistics for the Electronics Information subtests. The mean
proportions correct were very gimilar across forms with the largest
discrepancy being 0.003. The standard deviation of the proportions
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correct for ASVAB 8b was higher than those for the new forms. The mean
biserial item~total correlations for the three new forms were
consistently higher than that of ASVAB 8b, The mean a parameters for
the new forms were, however, an average of 0,222 lower than for ASVAB
8b. The b parameters for the new forms were also somewhat lower than
the mean b parameter for ASVAB 8b; the largest discrepancy (0.256)

was between the second new form and ASVAB 8b, The mean ¢ parameters
for the new forms ranged from 0.274 to 0,290 and were somewhat lower
than the mean ¢ parameter for ASVAB 8b (0.356).,

Summary, Tables 2 through 9 show summaries of these gtatistics
for the non-speeded subtests. The variations among the mean proportions
correct for the experimental forms within a content area were small.
The largest variation (0.008) occurred in Paragraph Comprehension. This
was probably due to difficulties in creating parallel forms in this
content area where the length of the reading passages_ had to be
minimized and where the items had to be considered for inclusion in sets
rather than individually. The largest average deviation between the
mean proportions correct for the experimental subtestg and the ASVAB 8b
reference form (0.003) occurred in Mechanical Comprehension. 1In all
areas except Mechanical Comprehension, the mean biserial correlations
were systematically higher for the experimental forms than for the ASVAB
8b. Average differences were small, ranging from -0,011 for Mechanical
Comprehension to 0.060 for General Science. In general, these data
collectively suggest that the new forms of these subtests should be
parallel.

Estimated True~Score Evaluation

Additional analyses using the IRT parameters were also performed.
These analyses required the computation of estimated true-score distri-
butions., The s, b, and c parameters and an assupmed distribution for
ability were requirsd to estimate the true-score distributions. The
parameter estimates produced by LOX and a standard normal distribution
of ability were used. True scores were estimated from Equation 1 at 20
points equally spaced between theta = -3.0 and theta = 3.0,

n
I(8) = X P (9), (1)
g=l &

where n = the number of items in the test,

pg(e) -c, + (1 - cg) V(1.7 ag(e - bg)], and

¥ (x) = (1 + exp(- )L,

Means and standard deviations were computed numerically using
Equations 2 and 3,




T = E(T) = f'r(e) ¢$(e) de, (2)

1 -0
where ¢(0) = ot exp("{").

where E(T) = f T2(0) (0) do.

The root mean square deviation (RMSD) between the estimated
true-gcore distributions of the new subtests and both the average
distributions for the new subtests and for the ASVAB 8b subtest were

computed using Equation 4.

RMSD = V/MSD , (4)

where MSD = f['rl(e) - '1'2(9)]2 d(e) de.

The results of the estimated true-score evaluations are described

o - (1% - E4(T), (3)
|
|
|
|
|
;

below for each of the non-speeded subtests. |

General Science. Table 10 shows the estimafied true-score

gtatistics for the three experimental General Science subtests. The |

means and standard deviations of the true-score distributions of the

new subtests were more similer to each other than they were to the

gtatistics for the ASVAB 8b distribution. This was due to restrictions

imposed on the new subtests by the experimental item pool. The

experimental items were generally less discriminating than were the

ASVAB 8b items. The RMSDs also indicated that the distributions for

new subtests were more similar to the average distribution of the new

gubtests than to the distribution of the reference subtest. The forms
were probably more similar among themselves than to the reference test
because they were developed from a common pool of test items.

Arithmetic Reasoning. The estimated true-score statistics for

the six experimental and the ASVAB 8b Arithmetic Reasoning subtests are
ghown in Table 11. The means of the estimated distributions for the
new subtests ranged from 18.877 to 19,033, while the mean for the ASVAB
8b distribution was slightly higher (19.158). The standard deviations
were uniformly higher for distributions of estimated true scores for
the experimental subtests than for ASVAB 8b. They ranged from 5.844 to
6.198 for the now subtest distributions. The standard deviation for
the eatimated ASVAB 8b distribution was 5.828, The RMSDs again showed |
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that the new subtests had digtributions which were more similar to the
average new subtest distribution than to the ASVAB 8b distribution.

Word Knowledge. Table 12 shows the éstimated true-scére
distribution statistice for the six experimental Word Knowledge
subtests. The means of the true-score distributions for the new
subtests were between 25.796 and 26,026, The mean for the distributicn
based on the ASVAB 8b subtast was 26,045, Again, the standard
deviations of the distributions for the new subtests were uniformly
higher than that for the ASVAB 8b subtest. The RMSDs indicate that the
true=score distributions for the experimental subtests were more
similar to the average experimental distribution than to the reference
distribution,

Paragraph Comprehension. The estimated true~-score statistics
for the six new Paragraph Comprehension subtests are shown in Table 13,
The means of the estimated distributions varied by as much as 0.531
score points for the new subtests. The mean of the estimated
true-score distribution for the ASVAB 8b subtest (11.729) was higher
than the highest mean for any of the new subtest distributions
(11.423), while the standard deviation was Jower (2.179 versus 2.568),
The RMSDs between the estimated true-score distributions for the
individual experimental subtests and the average experimental gubtest
were lower than the RMSDs between the distributions for the individual
experimental gubtests.and the reference subtest,

" Auto and Shop Information. Table 14 ghows the estimated
true-score statistics for the three experimental Auto and Shop
Information subtests., The means of the true-score distributions for
the experimental subtests were more similar to each other than they
were to the mean for the ASVAB 8b distribution. The standard deviation
for the ASVAB 8b subtest (5.037) fell within the range of the gstandard
deviations for the experimental subtests. The RMSDgs again indicated
that the distributions for new subtests were more similar to the
average distribution of the new subtests than to the distribution of
the reference subtest.

Mathematics Knowledge. The estimated true-score statistics for
the three experimental and the ASVAB 8b Mathematics Knowledge subtests
are shown in Table 15, The means of the estimated true~gcore
distributions for the new subtesta ranged from 13.044 to 13,093, while
the mean for the ASVAB 8b distribution was 8lightly higher (13.307),
The gtandard deviations of the true~score distributions of the
experimental subtests were higher than the standard deviation of the
ASVAB 81 distribution. The RMSDs again indicated that the new subtests
had distributions which were more similar to the average new subtest
distribution than to the ASVAB 8b distribution.

Mechanical Comprehensidn. The e;Eimated true-score statistics
for the three new Mechanical Comprehensicn subtests are shown in Table




16, The mear of the estimated true-score distributions for
experimental subtests ranged from 16,068 to 16,126, This was the only’
content area in which the mean of the estimated true-score distribution
for the ASVAB 8b subtest was lower than the means of the new subtest
distributions, but the difference (0,079) was small., The RMSDs between
the estimated true-score distributions for the individual experimental
subtests and the average experimental subtest were, however, still
lower than the RMSDs between the distributions for the individual
experimental subtests and the reference subtest.

Electronics Information. Table 17 shows the estimated true-
score distribution statistics for the three experimental Electronics
Information subtests. The means of the true-score distributions for
the new subtests were between 13.584 and 13.732. The mean for the
distribution based on the ASVAB 8b subtest was 13,898, The standard
deviations of the distributions for the new subtests were unifcrmly
higher than that for the ASVAB 8b subtest. The RMSDs indicate that
the true-score distributions for the experimental subtests were more
gsimilar to the average experimental distribution than to the reference
distributicn.

Summary, Tables 10 through 17 show the estimated true-score
statistics for each of the new non-speeded subtests. The largest
difference between mean true scores among the experimental subtests
within a content area (0,203) was in Paragraph Comprehension. In the
other content areas, the largest di¢fference in means among the
experimental subtests averaged only 0.103, The mean true score for the
reference test (ASVAB 8b) is uniformly higher than the means for the new
subtests in all areas except Mechanical Comprehension. The differences
are small, however. The average absolute difference between the true
scores for the reference subtests and those for the corresponding
experimental subtests ls only 0,294,

Speeded Subtests

The Numerical Operations subtests consisted of 50 simple
arithmetic computation items. Only 50 items were pretested for each
of six new Numerical Operations subtests and these subtests were
reproduced exactly as they appeared in pretesting. :

Each Coding Speed subtest consisted of three sets of 28 items.
Each set was preceded by a response key pairing words with four-digit
numbers. An item stem consisted of one of the words in the key and the
axaminee’s task was to identify the number corresponding to the word.
The Coding Speed subtests were to have been reproduced in the same
£aghion but the pretested versions had a number of problems. First,
there were only two versions with unique keys. A third vergion with
unique keys was later provided by AFHRL, Second, the keys in the
preteated subtests were mnot alphabetized. All keys in the current ASVAB




tests were alphabetized. Third, the numbers used in the keys for all
three of the Coding Speed subtests were identical within each subtest,
The numbers ghould have been repeated only in the first and third get
within each subtest, to be consistent with current ASVAR gubtests.
Thus, all keys were alphabetized and new numbers were ingerted in the
key and alternatives for the second set of items in the two pretested
formB.

Construction of Parallel Batteries

Most~-Central Form

The experimental design required that one of the new forms be
chosen to represent the set of six new forms for administration in the
MEPS. This most-central form was constructed by selecting the
experimental subtests haviny the lowest RMSD between the estimated
true-gcore distributions of the subtests and the average of the
experimental subtests. The items within each of these subtests were
ordered by their proportion-correct statistics with the ecasy items
first, Because IRT procedures are not applicable to speeded tests, no
IRT parameters were available for the Numerical Operations or Coding
Speed subtests and thus true-score distribution statistics could not be
computed. The Numerical Operations test with the mean number—-correct
score closest to the overall mean number-correct score for the gix
experimental forms was selected as the most-central form. Only two
unique Coding Speed tests had been constructed. Because these tests
were edited extensively in order to achieve content parallelism, the
form designated most-central was randomly chosen from the two that were
pretested.

Other Forms v

Experimental subtests in Arithmetic Reasoning, Word Knowledge,
Paragraph Comprehension, and Numerical Operations were assigned to the
other batteries so that the mean AFQT score, estimated from
proportion-correct scores, would be as equivalent as possible scross
batteries. The most-central form was designated by the index 1. The
other forms were randomly assigned index numbers 2 through 6,
Experimental subtests in the non-AFQT content areas were randomly
assigned to the forms with indexes 3 and 5. The experimental subtests
in the non-AFQT content areas for the forms with indexes 2, 4, and 6
were developed using the items in forms with indexes 1, 3, and 5,
regpectively. The subtests were developed by systematically permuting
the order of the items in the forms with indexes 1, 3, and 5. The
permutation reversed adjacent pairs of odd-numbered items,
Even-numbered items were left in their original positions. The Coding
Speed subtests required some additional changes to ensure that the same
key word did not appear twice in succession or more than twice within
each physically separated set of seven items on the page.




Tentative Operational Designations

Experimental forms with indexes 1 through 6 were designated as
ASVAB forms lla, 11b, 12a, 12b, 13a, and 13b, respectively. Each of
the six forms has unique sets of items in the Arithmetic Reasoning,
Word Knowledge, Paragraph Comprehension, and Numerical Operations
gubtests. The pairs of forms sharint the same numeric designation
share the same items in the General Sclence, Coding Speed, Auto and Shop
Information, Mathematics Knowledge, Mechanical Comprehension, and
Electronics Information subtests. The letter designations (g_and
b) designate alternate forms of these latter subtests.

Summary

Test items for six new versions of the ASVAB were written and
pretested as part of a previous research effort. Conventional
jtem statistics and IRT item parameter ectimates were available from
pretesting. Power subtests were constructed in eight content areas
using these pretest data.

The parallelism among the new subtests within each content area and
the parallelism of the new subtests with the comparable ASVAB 8h
subtests were assessed by comparing the distributions of the classical
and IRT item statistics for items included in the subtests and by
comparing estimated true-score distributions for the subtests. The new
subtests within each content area appeared to be quite parallel among
themselves and with the comparable ASVAB 8b subtest. The pretested
Coding Speed subtests were revised and a new Coding Speed subtest was
developed. The pretested Numerical Operations subtests were not altered.

The experimental subtests were then assembled into six new test
batteries tentatively designated as ASVABs 1la, 11b, 12a, 12b, 13a, and
13b. The battery tentatively designated as ASVAB 1la was constructed
using the subtests that were most similar to the other experimental
subtests within each content area. This most-central form was developed
for administration in both the MEPS and the RICs.
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IIT. TEST ADMINISTRATION

An optimal equating design would call for the new subtests to be
administered under conditions that closely mimic the operational
testing environment. The subtests would be administered as complete
batteries to examinees gelected randomly from the target population,
Considerations of time and cost made such an optimal design unfeasible,
howavers An alternative design was developed using two different
examinee populations and a number of different configurations of the
subtests,

Complete batteries of gil six new forms of the ASVAB and the ASVAB
8a were administered to examinees in RTCs in order to investigate the
parallelism of the six experimental forms among themselves and to the
ASVAB 8a and also to develop equating tables for all forms. The forms
were digtributed to 11 RTCs for administration, An equivalent-groups
design was employed in which each examinee was randomly assigned to take
one of the seven complete battaries,

The population of applicants taking the ASVAB in the MEPS, rather
than the population of recruits at the RICs, was the target population.
Rather than administering the complete battery to each examinee in the
MEPS, nine partial batteries were constructed from the most-central
experimantal form, and nine were constructed from ASVAB 8a, the
reference test. These partial batteries yere constructed so that each
of the individual subtests and each of the score composites used by the
various armed forces for selection and placement was represented in at
least one partial battery. Sixty~four MEPS located throughout the
United States participated in the study. Each MEPS received an equal
number of each of the 18 forms and was responsible for distributing
forms to their affiliated Mobile Examining Team (MET) and Office of
Personnel Management (OPM) gites. Because the batteries with different
subtest configurations could not be simultaneously administered, the
individual MET and OPM sites received vaired experimental and reference
test forms with the same configurations. In the MEPS, paired
experimental and reference forms with the same gsubtest configurations
were administered on different days of the week.,




IV. TEST ANALYSES
Data Editing

Testing was accomplished during the first thrae months of 1983.
The data analyses were preceded by data editing to ensure that the test
forms were properly identified and that the data were valid.

Two editing operations were performed to prepare both the RTC and
the MEPS data for analysis. The first operation verified the form
number recorded by the examinee and corrected niscoded form numbers.

The second operation edited the response data to eliminate suspect cases
(L.e., those with too few responses, with unusual response patterns Or
strings, or with unusual inter-subtest score differences).

Recruit Training Center Data

Form-Number Verification

A total of 14,791 examinees were tested in the RTICs. The
three-digit form numbers on the test booklets were redundantly encoded
using modular arithmetic. Thus, if an examinee made an error in one
column, transposed two columns, ot shifted the code to the right or
left on the answer sheet, some information was available for recovering
the correct form number. The codes used are shown in Table 18. The
first column of each form number was the same as the index; the second
number was the index plus four modulo ten; and the third column was the
index plus seven modulo ten.

The index corresponding to each column of the form numbers was
determined. When any two of these indices matched, an examinee’s
record was aseigned that form number. If no two indices matched, the
digits present were checked for transposition and shifted position on
the answer sheet. Eighty-one of the 441 cases with incorrectly coded
form numbers were assigned form numbers in this fashion. The numbers
of cases assigned each of the forms in this manner are shown in Table
19.

Elimination of Suspect Cases

Cases Were rejected if too few items were answered in any subtest,
1f improbable response strings (AAAA...) or patterning (ABCABC...)
occurred, if the answers recorded matched other keys substantially
better than that of the form coded, or if the scores on given subtests
deviated substantially from predicted scores based on all other
subtests.

The number of responses was checked first. If fewer than two
responses were observed in any of the subtests, the case was rejected,
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If more than two responses were observed in every subtest, the overall
proportion of correct responses was computed based on *he number of
items attempted. This proportion was used to determine whether to
evaluate other criteria.

If the proportion correct was less than or equal to 0.3, the case
was rescored using each of the other answer keys. If an alternate key
yielded a proportion correct (based on all items attempted) greatar than
or equal to 0.5, the recorded form number was considered to be
questionable and the case was rejected. These criteria represent an
operationalization of the key verification procedure described bxriefly
by Ree, Mathews, Mullins, and Massey (1982, p. 10),

If the proportion correct was less than or equal to 0.4, a
patterning ratio was computed. The patterning ratio statistic ured was
a computational derivative of the chi-gquare tast of association. An
adjacency matrix was computed considering all consecutive pairs of
responses (omitted items were not included). Por a four-alternative
item, this was a four-by-four matrix with the first response in a pair
on one margin and the gecond response on the other. The frequency of
each possible pair was accumulated for each extninee and a
chi-gquare-1like statistic was computed using the number of pairs in the
response vector divided by the number of cells in the table as the
expected value. Note that this differs from the expected value used for
a typical chi-square. For this and other reasons, the patterning ratio
statistic was not a true chi~square, although the term is used here.

The chi-gquare statistics were pooled over all subtests and the
resulting value was divided by the total chi~gquare degrees of freedom
for the tables, The speeded test data were not included in computing
the patterning ratio. The reason for this vas that several high-scoring
examinees marked all A’s, B’s, etc. at the end of the tests, when they
reached the end of their time; this was a valid test-taking strategy.

Although the patterning ratio does not distribute as a chi-square,
unusually high values did detect response strings such as "AAAAAAAAAAA M
and patterning such as "ABCDABCDABCDABCD." A typical patterning ratio
for the keys was 1.2, ter considering geveral patterned responses and
some actual data, a cutoff of 3.5 was selected. Any case evaluated
which had a patterning ratio of 3.5 or greater was rejected.

Finally, all cases not previously rejected were checked for
deviant subtest scores. The score s each subtest was predicted from
all other subtests using multiple regression. If any two subtests had
cbserved scores more than three standard errors below the predicted
score, the examinee was rejected. Since the tests were relatively
parallel, the regression equations were developed using form RTC 714
(the ASVAB 8a test form). This check for deviant subtest gcores is an
extension of the procedure described by Ree, Mathews, Mullins, and




Massey (1982, pp. 10-11), Their procedure regregsed Arithmetic
Reasoning scores on Mathematics Kaowledge scores and Numerical
Operations scores on Coding Speed scores; the procedure used here
employed all of the data in a multiple linear regression analysis.

Results of Editiug

Table 20 shows the results of the data editing for the RIC data.
Of the total number of examinee response records generated in the RICs,
approximately 97 percent were included in the analyses.

Military Entrauce Processing Station Data

Form-Number Verification

A total of 78,182 tests were administered in the MEPS. As in the
RTCs, the three-digit form numbers on the MEPS test booklets were
redundantly encoded usipg modular arithmetic. However, due to the
larger number of form numbers and their relationships to one another
when permuted, the form numbers themselves did not provide sufficient
information for reliable recovery. Test form numbers along with book
numbers and file indices are listed in Table 21,

The subtests within the nine pairs of tests identified by the same
index were identical. The differences among the nine pairs were the
combinations of subtests jncluded in each. The subtests were combined
in the various configurations shown in Table 22.

Docause the nine pairs of forms required examinees to respond to
different subtests, an examinee’s use of different parts of the answer
sheet proved to be a powerful tool for identifying miscoded form
numbers. Examinees were, however, instructed to mark out the gestions
of the answer sheet not to be used and the optical scanner often
recorded these marks as intended responses. & statistical approach was
therefore required to determine which sections of the answer sheet an
examinee had used for responses to test items. A likelihood function
was developed to assess the information regarding form assignment that
was present in these data. It was assumed that the examinee’s
probability of responding to an item. if he or she was supposed to, was
0.95. The probability of not responding to an item if he or she was
not supposed to was also considered to be 0.95. The complementary
probabilities were thus 0.05. Viewing the whole test from the item
level, the likelihood of a person having taken a given test is computed
using Equation 5. .

As implemented in this project, the function was evaluated within
each subtest and the results were multiplied together. To weight all
of the subtests equally, proportions were substituted for the numbers
of items. The natural log of the likelihood function shown in Equation




6 was used to keep the values within the range allowed by the computer
and to simplify the computations.

n r (l=r )
L= II (.95 8 (.05) &, (5)
g=1

where rs = | if the examineae responded appropriately,
rs = 0 if the examinee responded inappropriately, and

n = the number of items in the gubtest.

N P (r) P (1-r )
Le II ()M & o5yt 8 (6)
h=l o

where Ph(r ) = the proportion of items to which the examinee
responded appropriately in subtest h,

Ph(l-r ) = the proportion of items to which the examinee
8 responded inappropriately in subtest h, and

N = the number of gsubtests.

Likelihood values were computed for each of the various pairs of
forms; the pair associated with the highest likelihord was selected as
that most likely to have been administered. The likelihood was thus
useful only in identifying a pair consisting of one experimental and
one reference booklet, since both booklets included the same gubtests,
The tests wer~ then acored using all 18 answer keys. If the form on
which the highesit geore was obtained was one of the two forms
identified by the 1ikelihood analysis, cross checking continued.
Otherwise, the case was rejected. .

If the likelihood and high-score statistics agreed, the form
nuaber itself was checked for possible transpositions and two-digit
matches. If the digits in the form number columns proved to be a
transposition of a valid code or if two digits of the form number
matched, the case was retained. If the likelihood and high-score
statistics agreed and no transpositions or two~digit matches were found
(many of the unmatched cases checked had no digits whatsoever in the
forz—numder field), the case was accepted, A case was rejected,
however, if transpositions and/or two-digit matches were found and none
of them agreed with the best score and 1ikelihood statistics.

0f the 1,586 cases that were not initially matched, 376 were
rejecteds The remaining 1,210 cases were accepted as valid for the
forms shown in Table 23.
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Elimination of Suspect Cases

The proccdures used to eliminate suspect cases from the MEPS data
were almost identical to those used for the RTC data. They differed
only in the amount of deviatica allowed in the subtest-score regression
analysis. Due to the smaller number of subtests pex case, examinees
were rejected when one or more subtests deviated significantly below
the predicted scere.

Results of Editing

The results of the data editing procedures are described in Table
24 for the data collected ia the MEPS. Of the examinee response
records resulting from administration in the MEPS, approximately
98 percent were retained for analysis.

Summary Statistics

Demographic Statistics

Data on several demographic variables were collected in the RTCs
and MEPS. These data were summarized for examinees taking each of the
test forms in order to detect any sampling variation that might cast
doubt upon the equivalence of the groups.

Table 25 shows the demographic characteristics of the examinee
samples from the RTCs. Qf the approximately 2,000 examinees taking
each form, most were male and white. Males made up 83 percent of each
of the examinee samples. The proportion of white examinees taking
different forms ranged from 0.73 to 0.75, while the proportion of blacks
ranged from 0.17 to 0.18. Of those indicating an educational level,
most had at least a high school diploma. The different experimental
forms were administered to approximately equal numbers of examinees at
each participating RIC.

Tahle 26 shows the demographic characteristics of examinees tested
in the MEPS. Each of the 18 test forms was administered to about 4,000
examinees. As in the RTC data, the majority of the examinees were male
and white. The proportions of males and whites were more varied among
the forms, however. The proportions of male examinees ranged from 0.82
to 0.84 for the individual forms, and the proportions of whites ranged
from 0.65 to 0.71. Approximately 25 percent of the examinees were
actually tested in the MEPS. The remainder were tested at MET and OPM
gites.
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Descriptive Statistics

Procedure

Summary score statistics were computed for each subtest on each
experimental form. The mean, variance, skew, and kurtosis of the gcore
distribution as well az the minimum, median, and maximum score values
were computed for each subtest administered in the RTCs and for each
subtest administered in tha MEPS. The reliability (KR-20) and standard
error of measurement of the scores were also computed for the power
subtests administered in the RTCs.,

RTC Results

General Science. Table 27 ghows the descriptive statistics for
the General Sclence subtests administered to the total RTC sample. The
8ix experimental General Science subtests appeared to be parallel; the
largest difference in mean raw score between any two forms was 0.209.
The mean scores on the experimental tests were uniformly higher than
the mean score on the reference test. The average difference between
the mean score of the six experimental forms and that of the reference
form was 0,121, The variances of the experimental forms were uniformly
larger than the variance of the reference form. The average variance
for the experimental forms was 21,401; the variance for the reference
form was 17,316, Additionally, the reliabilities of the experimental
forms were uniformly higher than that of the reference form.

Arithmetic Reasoning. Table 28 shows the descriptive gcore
statistics for the Arithmetic Reasoning subtests administered to the
RTC sample. The largest difference in mean raw scores between any two
experimental subtests was 0.38l. On the average, the mean scores of
the six experimental forms differed frcm the mean score of the
reference form by 1.029 gcore points, however. This was probably
because the new forms were explicitly developed to parallel ASVAB 8b
while ASVAB 8a was used as the reference test in the RTCs and MEPS.
The mean ASVAB 8b Arithmetic Reasoning score is 0.70 points higher than
the mean ASVAB 8a score (Ree, Mullins, Mathews, & Massey, 1982), The
variances of the Arithmetic Reasoning scores on the experimental test
ranged from 35.411 to 41.750. The variance of the reference form was
40,789, The reliabilities ranged from 0.859 to 0.881,

Word Knowledge. Table 22 ghows the summary score statistics for
the Word Knowledge subtests administered to the RTC sample. The
largest mean difference between any two experimental tests was less
than one half of a score point (0.444)., The average of the mean scores
of the experimental forms was 0.714 lower than the mean score of the
reference form. This difference was probably due to the difference
(1.2 points) between the ASVAB 8a and 8b (Ree, Mullins, Mathews, &
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Massey, 1982), The variances and the reliabilities of the experimental
forms were consistently higher than those of the reference form., The
smallest variance of an experimental form was 37.014, while the
variance of the reference form was 31,144, The smallest reliability of
an experimental form was 0.881 while the reliability of the rcference
form was 0,864,

Paragraph Comprehension. Table 30 ghows the subtest summary
statistics for the fifteen-item Paragraph Comprehension gubtests
administered in the RTCs. The mean scores for the six experimental
subtests were rather variable, the largest difference being nearly one
raw score point, The average difference between the mean score on the
six experimental forms and the mean score on the reference form was very
small (0.002), however. The variances of the experimental forms ranged
from 8.329 to 9.972. The variance of the reference form was only
8,130, The reliabilities of the experimental forms were uniformly
higher than those of the reference form.

Numerical Operations. Table 31 ghows the summary statistics for
the Numerical Operations subtests administered to the total RTC sample.
The experimental subtests differed among themselves by as much as 3,484
score points, The standard deviations of forms 158 and 603 differed by
approximately one half of a score point (0.413), The average of the
mean scores for the experimental forms was 35.305 while the mean of the
reference form was 36,333,

Coding Speed. Table 32 ghows the summary score statistics for
the Coding Speed subtests administered to the RTC sample. The mean
Coding Speed scores for the six experimental forms and the reference
form were all within a single score point. The variances of the
experimental forms varied from 190,771 to 206,625 while the variance of
the reference form was 195,842,

Auto and Shop Information. Table 33 ghows the descriptive
statistics for the Auto and Shop Information subtests administered in
the RTCs. The largest mean score differénce between any two
experimental forms was 0.906. The average difference between the mean
score of the six experimental forms and that of the reference form was
only 0,068, however, The variances of the experimental forms, ranging
from 27,554 to 29,373, were uniformly larger than the variance of the
reference form (25.217). The reliabilities of the experimental forms
were also uniformly higher than that of the reference form.

Mathematics Knowledge. Table 34 shows the descriptive score
statistics for the Mathematics Knowledge subtests administered to the
total RTC sample., The largest mean score difference between any two
exper‘mental subtests was 0.463. On the average, the mean scores of
the experimental forms differed from the mean score of the reference
form by 0.170 score points. Again, the variances and reliabilities of
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the experimental forms were consistently larger than the variance and
reliability of the reference form, respectively.

Mechanical Comprehension. Table 35 shows the summary statistics
for the Mechanical Comprehension subtests administered to the total RTC
sample. The largest mean difference between any two experimental tests
was approximately one half of a score point (0.573). The mean scores
for the experimental forms were consistently higher than the mean for
the reference form. On the average, the mean scores of the
experimental forms differed from the mean score of the reference form
by 0.621. Both the variances and the reliabilities of the experimental
forms were, in general, uniformly lower than those of the reference form.

Electronics Information. Table 36 shows the summary statistics
for the Electronics Information subtests administered to the total RTC
sample. The mean scores for all six subtests were within one score
point (0,715) of each other and the average difference between the mean
scores on the experimental forms and the mean score on the reference
form was very small (0.003), The variances and reliabilities of the
experimental forms were consistently higher than those of the reference
form, ranging from 15,419 to 16.480 and from 0,767 to 0,784,
respectively. The variance of the reference form was 14,699 and the
reliability was 0.760,

AFQT Composite. Table 37 shows the summary statistics for the
AFQT composite scores for the seven forms administered in the RTCs. The
mean scores for all of the forms except RTC 370 were very nimilar. The
mean AFQT score for RTC 370 was almost two score points (1,936) lower
than the average for the other experimental forms. The score variances
for the experimental forms were uniformly larger than that for the
reference test but the differences were small.

Summary. Tables 27 through 36 show the summary score statistics
for the forms administered to the total RTC sample. The largest
difference between two experimental subtests within a content area
(3.484) occurred between the Numerical Operations subtests in RTC 269
and RTC 370. In all other content areas, the largest difference in mean
scores for the experimental forms was less than one score point. The
absolute difference between the mean score on the experimental s.btests
and the mean score on the comparable reference subtest averaged
0,388 across all of the forms.

Table 37 shows the summary statistics for the AFQT scores for all
of the forms administered in the RYCs. All of the forms had similar
AFQT score distributions except for RIC 370. The mean score for RIC 370
was approximately two score points lower than the average for the other
experimental forms.




MEPS Results

Table 38 shows the summary score statistics for the subtests
administered in the MEPS. The mean score differences between the new
experimental subtests and the like-named reference subtests were
generally small--less than one score point for all subtests except
Arithmetic Reasoning. The difference in the mean Arithmetic Reasoning
scores (1.270) was similar to the discrepancy observed between the same
subtests administered in the RTCs (1.109) and was probably due to
differences between the ASVAB 8a and the ASVAB 8b subtests. The next
largest differences occurred for the Mechanical Comprehension (0.966)
and Word Knowledge (0.903) subtests. The difference between the Word
Knowledge subtests can also be accounted for by the difference between
ASVAB 8a and 8b. The differences between the Mechanical Comprehension
subtests might have been due to the improved quality of the ASVAB 8a
illustrations used in this study.

The MEPS experimental subtests were identical to those in RTC 158
while the MEPS reference subtests were identical to those in RTC 714,
The MEPS experimental form had uniformly lower mean scores that RTC 158
the differences ranging from 0.099 for the 15-item Paragraph
Comprehension subtest to 2,508 for the 50-item Numerical Operations
subtest. The differences between the MEPS reference form and RTIC 714
were similar, ranging from 0.023 for Paragraph Comprehension to 2.639
for Numerical Operatioms.

Item Analyses
Conventional
Procedure

Conventional item statistics were computed for each item. These
statistics included the proportion of examinees responding correctly to
the item, the biserial correlation between the item response and the
total subtest score, and the point-biserial correlation between the
item response and the total subtest score. For each subtest, the
statistics were computed using the RTIC data and random samples of 5,000
examinees selected from the MEPS booklets containing the subtest.

Results

General Science. Table 39 summarizes the classical item
statistics for the General Science subtests. The six new forms were
very similar in difficulty, the mean proportions correct ranging from
0.680 to 0.688. All were slightly easier than ASVAB 8a which had a
mean difficulty of 0.679. The mesn proportion correct on the MEPS form
(0.647) was slightly lower than the mean on the same form administered
in the RTCs (RTC 158). The mean biserial item-total correlations for
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the new forms ranged from 0.598 to 0,628 and were all higher than the
corresponding biserial obtained for ASVAB 8a (0.549)., In the MEPS,
the mean biserial correlation was 0.631.

Arithmetic Reasoning. Table 40 shows the classical item
statistics for the Arithmetic Reasoning subtests. Average proportions
correct for the six new forms ranged from 0.633 to 0.646. All of these
proportions correct were slightly higher than that of the ASVAB 8a
(0.607). The mean biserial item~total correlations for the new forms
ranged from 0.593 to 0.629 in the RTCs and were roughly comparable to
that for ASVAB 8a (0.611), RTC 158 had a slightly lower mean
proportion correct and a slightly higher mean biserial correlation when
administered in the MEPS.

Word Knowledge. Table 41 presents the classical item statistics
for the Word Kncwledge subtests. Mean proportions correct for the new
forms ranged from 0.759 tc 0.772. These values were all slightly lower
than the meau proportion correct of 0,785 for the ASVAB 8a. The mean
proportion correct in the MEPS form 158 was again lower than that for
the gsame forms administered in the RTCs. The mean biserial item~total
correlations for the new forms ranged from 0.687 to 0.717 and were
slightly higher than the mean for ASVAB 8a (0.667), Identical mean
biserial correlations of 0.705 were obtained for the MEPS form and RTC
158,

Paragraph Comprehension. Table 42 summarizes the classical item
statistics for the Paragraph Comprehension items. Mean proportions
correct across the six new forms ranged from 0.710 to 0,776, These
values were roughly comparable to the mean proportion correct of 0.745
obtained for ASVAB 8a, The mean proportion correct for RTC 158 was
slightly higher than for the same form administered in the MEPS., Mean
biserial item-total correlations ranged from 0,664 to 0.725 for the new
forms. These were somewhat higher than the mean correlation of 0,648
obtained for ASVAB 8a.

Numerical Operations. Table 43 shows the classical item
statistics for the Numerical Operations subtests. Mean proportions
correct for the new forms ranged from 0,671 to 0.741 -thile that for
ASVAB 8a was 0,727, Although biserial and point-biserial item-total
correlations are presented in Table 43, they should be interpreted
cautiously because Numerical Operations is a speeded subtest.

Coding Speed. Table 44 presents the classical item statistics
for the Coding Speed subtests. The mean proportions correct for the
forms administered in the RTCs ranged from 0.560 to 0,571, The mean
for the form administered in the MEPS (0.532) was lower. Since the
Coding Speed subtests were speeded, the biserial and point-biserial
item-total correlation reported in Table 44 should be interpreted with
caution,




Auto and Shop Information. Table 45 shows the classical item
gtatistics for the Auto and Shop Information subtests. The proportions
correct ranged from 0.632 for RTC 370 to 0.668 for RTC 592. ASVAB 8a
had a mean proportion correct of 0.653., ‘The mean proportion correct
£or RTC 158 was 0.028 higher than the mean proportion correct for the
game items administered in the MEPS. The biserial item—total
correlations ranged from 0,610 to 0.622 in the six new forms and were
higher than that for ASVAB 8a (0.577). Tha mean biserial correlation
for RIC 158 was slightly lower than the correlation for the MEPS
version.

Mathematics Knowledge. Table 46 summarizes the classical item
statistics for the Mathematics Knowledge subtests. The mean
proportions correct ranged from 0.513 for RTC 481 te 0.532 for RIC 269.
ASVAB 8a had a mean proportion correct of 0.531. The proportion
correct for the MEPS form was 0.507. The mean biserial item-total
correlations for the new forms ranged from 0.597 to 0.661 and were all
higher than that for ASVAB 8a (0.590).

Mechanical Comprehension. Table 47 presentr the classical item
gtatistics for the Mechanical Comprehension subtests. The mean
proportions correct of the new forms ranged from 0.606 to 0.629 and
were higher than the mean for ASVAB 8a which was 0.593. RIC 158 had a
slightly higher mean proportion correct tham the MEPS form. The mean
biserial item-total correlations ranged from 0.552 to 0.577 for the new
forms. These means were roughly comparable to the mean of 0.573 for
ASVAB 8a.

Electronics Information. Table 48 shows the classical item
gtatistics for the Electronics Information subtests. Mean proportions
correct for the new forms ranged from 0.605 to 0.640, These values
centered roughly around the mean for ASVAB 8a (0.625)., The mean
biserial item-total correlations for the new forms ranged from 0.571 to
0.586 and were slightly higher than the ASVAB 8a mean of 0,567, The
mean proportions correct and biserial correlations for the MEPS form
were approximately equal to those for the same form administered in the
RICs.

Summary. Tables 39 through 48 gsummarize the conventional item
analysis data. The mean proportions correct for the experimental
subtests were all within 0.060 of the mean proportion correct for the
1ike-named reference subtest. The mean biserial item-total
correlations were uniformly higher than that of the like-named
reference subtest in all of the areas except Arithmetic Reasoning,
Coding Speed, and Mechanical Comprehension. On the basis of these
data, the experimental subtests appear to be highly parallel in all
content areas.
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Of the 1,392 items analyzed, only one had a negative biserial
correlation between responses to the keyed alternative for that item
and the total subtest score. An analysis of this item in the Auto and
Shop Information content area revealed that the key was correctly
assigned, the distractors were completely wrong, and no ambiguity
was apparent in the illustration that accompanied the item.

Item Response Theory Calibration Analyses

Procedure

IRT parameters were computed using the program ASCAL., ASCAL is a
conditional maximum-likelihood/modal-Bayesian item calibraticn program
for the three-parameter logistic item response model (cf., Birnbaum,
1968). The basic model and algorithms are similar to those preseanted
by Wood, Wingersky, and Lord (1976). The algorithms used in ASCAL
differed from those described by Wood, et al. (1976) in the ways
described below.-

Bayesian prior probabilities were applied to the ability estimates
ard to the a and c parameters. A standard normal distribution was
used to specify the prior probability distribution of examinee ability.
For the a parameter, a Beva distribution was used with both shape
parameters equal to 3.0 and endpoints equal to 0.3 and 2.6. For the ¢
parameter, a Beta distribution was used with shape parameters equal to
5.0 and endpoints equal to -0.05 and (2/k)+0.05 where k is the number of
alternatives,

. The ability estimates were unbounded., The 8 parameter was bounded
between 0.40 and 2.50, the b parameter was hounded between -3.00 and
3.00, and the c parameter was bounded between 0.00 and (2/k).

The estimation process began with the computation of standardized
nimber-ccrrect scores for the examinees and conventional proportions
correct and item-total biserial correlatioms for the items. These
statistics were then transformed into IRT a and b parameters using
Jensema“”s transformations (Jensema, 1976). Guessing (c) parameters of
1/k were assigned to the items in this initial stage.

These initial parameter estimates were then used to estimate
abilities, and examinees were grouped into 20 fractiles, each
containing approximately five percent of the examinees. The fractile
means wére computed aud standar..zed (i.e., the mean of the means was
set to zero and the variance of the means was set to one). Item
parameters were then estimated using the fractile means and frequencies
as input data.
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. The ability and item-parameter estimation process was repeated
until the parameter estimates converged or until ten'iterations were
performed.

- Noware

Results

Tables 49 through 56 summarize the output of the IRT calibration
analyses, FEach of the tables shows the mean, 8tandard deviation,
minimum value, and maximum value for the a, b, and ¢ item parameters
for each of the seven forms administered in the RTICs and for the MEPS
experimental _form. Overall, the most-central experimental form had
glightly higher a aad b parameters when administered in the MEPS than
when administered in the RTCs. The only exceptions to this appear in
Table 50 for the Arithmetic Reasoning subtest and in Table 55 for the
Mechanical Comprehension subtest. In these cases, the mean difficulty
values were lower for the MEPS sample. All of the mean difficulty
values were negative with the exceptions of the mean values shown in
Table 54 for the Mathematics Knowledge subtests (where all of the mean
difficulties were positive) and of the mean difficulties shown in
Table 56 for the Electronics Information subtests for form RTC 603
administered in the RTCs and the experimental form administered in the
MEPS., The largest differences in mean difficulty among the six
experimental forms administered in the RTCs occurred in the Paragraph
Comprehension (0.259), Auto and Shop Information (0.230), and
Electrc-ics Information (0.272) subtests.

The largest discrepancy in average discrimination between any two
forms was obsecvved in the Electronics Information content area (0.282).
The content area with the highest average discrimination over the six
experimental forms was Word Knowledge (1.322) and the content area with
the lowest average discrimination over the six expexrimental forms was
Mechanical Comprehension (0.953).

Intercorrelations of Raw Subtest Scores

The incorrelations of raw subtest scores were computed for each of
the test batteries administered in the RICs. The intercorrelations are
shown in Tables 57 through 60, The largest difference in the correlation
of the same two subtests in different forms occurred between RIC 370 and
three other forms (RTC 158, RTIC 592, and RTC 603). The correlation of
the Word Knowledge and Electronics subtests in RIC 370 was 0.48 while
the correlation of those two subtests in each of the other three forms
was somewhat higher (0.59). The largest difference in the correlation
of two subtests in an experimental form and the same two subtests in the
reference form (RIC 714) also involved the correlation of the Word
Knowledge and Electronics Information subtests in RTC 370. Generally,
the patterns of the intercorrelations were very similar for the new
forms and for the reference form. —_—

“2-36




Equating Tables

Table Development

Equating the new ASVAB forms simultaneously accomplishes two goals.
First, through the equating process, scores on new test forms differing
in items but not in content are made comparable; and second, all scores
based on the new forms are related to a sample with a wide range of
abilities characteristic of the anticipated mobilization population.
Prior to October 1984, the ASVAB composites had a score scale referenced
to the population of men serving during World War (WW) II. The military
services used the WW II score scale continuously from about 1950 through
1 Oct 1984, when ASVAB forms 8, 9, and 10 were replaced with ASVABs
11, 12, and 13. With the implementation of ASVABs 11, 12, and 13, the
normative base for the ASVAB gcore scale was changed from the WW II
mobilization population of men to a weighted probability sample of
American youth, ages 18-23 (males and femaleg) who were administered
ASVAB 8ax in 1980. The rationale for and actual development of the 1980
score scale are described in Maier and Sims (1982). oOther issues
regarding the speeded ASVAB subtests and the development of the final
operational conversion tables are described in Ree, Welsh, Wegner, and
Earles (in press),

Two types of equatings were used and compared in this effort:
linear and equipercentile. The linear transformation equates tests by
setting raw scores with common standard or z-scores on the two tests
equal. Thus, a raw score on one test is equivalent to the raw score on
the other test that sghares a common z-score (Angoff, 1971, pp. 568-573).

The equipercentile transformation equates tests by setting raw
scores on the two tests equal if they have the same percentile rank in
the samples on which equating is done (Angoff, 1971, pp. 568-573).
While linear equating, by the nature of the transformation, always
produces a smooth equating line, the equipercentile procedure
occasionally produces a jagged or irregular equating curve. Therefore,
equipercentile equating transformations are usually smoothed.

Smoothing of equipercentile equating in this study was accomplished by
using cubic polynomial regression. In this procedure the new test
score was treated as the independent variable and the old test score
was treated as the dependent variable, The first, second, and third
powers of the independent variable (L.e., the new test score) were
entered as independent variables into a multiple regression equation to
predict the old test scores. Since only the first three powers were
used, the curve resulting from this transformation was smoother than
the raw data entered into the development of the regression equation,

In this specific implementation of the method, the upper and lower
one thousandth of the scores were eliminated before smoothing was
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attempted. Having eliminated those scores the cubic regression
equation was developed and applied. Monotonicity was forced in the
resulting equating table because it is possible for the cubic regression
to produce a non-monotonic equating curve. This was done by starting
near the middle of each equating curve and, going up toward higher
scores, refusing to allow the score level to fall. Similarly, when
going down from the middle toward lower scores, the score level was not
allowed to rise.

A final problem encountered in equipercentile equating is that it
is difficult to develop an equating curve at the tails of the score
distribution where the data are sparse. For example, if no scores are
observed below a raw score of 5 on a given test, it is impossible, using
the definitional form of the equipercentile procedure, to equate scores
below 5. In this effort, scores beyond the distribution of available
data were equated in the following manner: The upper and lower scores
that could be equated usir, the equipercentile procedures were
determined as were scores one third of the range down from the top score
and one third of the range up from the bottom score. Linear
extrapolations were made using these points. In the case of scores
below the distribution, an extrapolation was made using the line drawn
from the low score through the score a third of the way up in the range.
For the high scores, a line was drawn from rhe highest observed score
through the score one third of the way down.

Ten raw scores, two raw-score composites, and 14 standard-score
composites were equated using linear and equipercentile procedures. The
raw-score composites were simpic sums of the raw subtest scores. Thus,
for the purpose of equating, the two raw-score composites were first
computed directly from the raw subtest scores and were then equated in
the same manner as any other raw test score. Table 61 shows the
transformations used to compute standard scores from raw scores. The
normative metric for the new tests was established on a sample of the
1980 American youth population. Maier and Sims (1982) calculated the
subtest means and standard deviations of males and females, ages 18-23,
in the Profile of American Youth Study (Office of the Assistant
Secretary of Defense, 1982) who took ASVAB 8ax (a test identical to
ASVAB 8a). This sample was weighted to be nationally representative of
American youth ages 18-23, The means and standard deviations of this
weighted sample (Maier and Sims, appendices C5-Cl4) were then used to
develop the transformation formulas for calculating the subtest
standard scores on the new tests. Normative information on ASVAB 8a
was thus used to establish the standard score scale for ASVABs 1i, 12,
and 13. The standard-score composites were computed from standardized
raw scores in a manner described in detail below. The sums of the
equated standard scores were then, in turn, equated. Table 62 shows the
composition of the composites that were equated.




Recruit Training Centex Data

The ten subtest scores and two raw—score composites were equated
in the RICs using the linear and equipercentile procedures described
above. One linear and one equipercentile table were developed for each
of the 12 composite scores on each of the six test forms. In addition
to each of these individual tables, an average table was developed by
simply taking the mean of the entries in each of the six individual
tables for the new forms.

Standard~score equating tables were developed by applying the
standardizing transformations shown in Table 61 to the raw-score
equating entries in each of the seven tables (six individual and one
average table). Note that standard scores were computed only for the
ten subtest scores and the verbal (VE) composite. No standard scores
were computed for the AFQT composite because it uses a raw-score to
percentile~equivalent conversion.

Final equating tables for the raw scores were developed by
rounding the standardized scores to the nearest whole number. Note
that this rounding was done after the standardized scores had been
converted. It was not dome to the raw-score equating tables.

Individual-form and average tables were constructed for composite
scores using both linear and equipercentile procedures. The composite
scores ware calculated by applying the like-named subtest standardized
equating tables ‘o the raw subtest scores. For example, to construct
the linear, individual-form composite equating tables for RTC 158, the
composite scores were computed by summing the standardized equated
scores based on the final linear equating table for the RTC 158
subtests. To construct the equipercertile average composite equating
tables, the composite scores were computed by summing the standardized
equated scores based on the final average equipercentile equating table
for the subtests. Thus, for each of the 14 composites, 14 equating
tables were developed using the RTC data. Six individual and one
average table were developed using the linear procedure, and six
individual and one average table were developed using the
equipercentile procedure.

Military Entrance Processing Station Data

The most—central experimental form (RTC 158) was equated in the
MEPS. Equating procedures identical to those used in the RTCs were
applied to these data.

To accomplish the raw-score equating, data from all of 'the
experimental or 8a forms administered in the MEPS were pooled so that
for each subtest, all examinees who took that subtest were used. Using
these pooled samples, linear and equipercentile raw-score equating
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tables were developed for the ten subtest scores and the two raw-score
compogites. Since only one test was equated, there was no need to
compute an average table. Two sets of composite scores were then
computed for each military composite using the appropriate standard-
score equating table and the pooled sample of all examinees available
for that composite. Using this sample, composite equating tables were
developed in the same manner as was done for the RTC data.

Table Evaluation

Procedure

Several different types of equeting tables were developed and
compared to answer three questions:

1, Should individual tables be used for each test or would a
single table be satisfactory?

2. 1If a single table can be used, should it be the average RTIC
table or the MEPS table for the most-central form?

3. Should linear or equipercentile tables be used?

Because there is no way to empirically evaluate the accuracy of
equating, relative information on the equating tables was used in
conjunction with operational considerations in comparing the equating
table differences.

Equating Table Comparisons. Equating tables were compared using
three sets of weighted and unweighted statistics. Bias was computed as
the average of the differences between corresponding entries in two
equating tables. The absolute averzge deviation (AAD) was computed as
the average of the absolute differences between corresponding entries in
the two tables. The root mean square deviation (RMSD) was computed as
the square root of the average of the square differences between
corresponding entries in the two tables. These statistics were computed
first by equally weighting all of the entries in the tables and again by
weighting the entries by the numbers of examinees taking one of the two
tests.

The six {ndividual tables computed using the RTC data were
compared to the average of these tables. This comparison was done to
determine if an average table could be substituted for the six
individual tables. The examinee frequencies for each of the individual
tables were used in computing the weighted gtatistics.

The ASVAB 8a table was compared to the average RTC table. Thkis
comparison demonstrated how different the new tests were from the
operational form. The total sample of RTC examinees wes used to
provide weights for the weighted statistics.




The MEPS table was compared to the most-central form individual
table, the average RTC table, and the ASVAB 8a teble. These
comparisons were done to determine how the MEPS table differed from the
RTC tables. The MEPS sample provided the frequencies for the weighted
statistics in all three of these comparisons.

Plots of Equating Transformations. The linear, unsmoothed
equipercentile, and smoothed equipercentile equating tables were plotted
on the same axes for each subtest and raw-score composite. The plots
were produced separately for the individual RTC, average RTC, and
MEPS equating tables. Plots were also developed to compare the linear
and smoothed equating tables developed for the MEPS form to the RTC 158,
average RTC, and RTC 370 equating tables.

AFQT Crossover Analyses., AFQT crossover analyses, as computed by
Ree, Mathews, Mullins, and Massey (1982), were used to inveestigate the
similarity between mental category classifications made using the
various AFQT equating tables produced in this study. The crossover
analyses were performed on pairs of tables and showed the proportion of
examinees whose mental category classification would have been different
depending on which of the pair of tables was used.

Resulte

Equating Table Comparisons. Table 63 shows the deviation
measures for subtests and raw-score composites resulting from line.r
equating. The first six sets of measures show the deviations of the
tables for the individual forms from the average RIC table. The average
bias for the subtests and raw-score composites was smallest for the
deviation between RTC 158, the most-central form, and the average RTC
table. The AAD and RMS were, however, smallest when the RTC 603 table
was compared to the average table. The weighted AAD and weighted RMS
statistics were also smallest for RTC 603. The weighted bias was
smallest for RTC 481. When the new forms were compared to the average
table, these deviations were uniformly highest for RTC 370. The largest
deviations for the AFQT scores were found when the RTC 370 table was
compared to the average RTC table. The absolute value of bias, for
instance, was 55 percent higher than the next highest value for an
individual AFQT table compared to the average AFQT table.

The average deviation of the form 8a table from the average RTC
table was larger tharn the deviations between the single~form tables and
the average RTC table. again suggesting that the new subtests were more
parallel among themselves than they were parallel to ASVAB 8a. The
unweighted deviation statistics for the AFQT composite were much higher
than the weighted statistics, suggesting that the difference in the
tables was more pronounced in the extreme scores. The deviations of
the MEPS table from the tables fcr the most-central RTC form and the .
average E.{ form were similar in magnitude to the deviations between
the tables for the individual RTC forms and the average table.
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Table 64 shows the deviation measures for the subtests and
raw-score composites resulting from equipercentile equating. When the
average deviations were compared for tables based on the six individual
forms and the average RTC form, the average deviations for RTC 370 were
generally larges* The exception was the bias index, which was
greatest for the deviations of the RTC 592 table. The unweighted
deviation measures from comparing the individual AFQT tables and the
average AFQT table were higher for equipercentile equating than for
linear equating. The weighted deviations for the AFQT composite were
remarkably similar for both the linear and equipercentile table
comparigsons. The average weighted deviation statistics comparing the
8a table and the averege RTC table were about the game as for the
linear equating, while the unweighted statistics were higher for the
linear tables.

The unweighted deviation measures for the AFQT composite were
smaller for the comparison of the MEPS table with the average form than
for the comparison of the MEPS table with the same form administered in
the RICs. Just the opposite was true for the weighted deviation
statistics. The umiighted deviation statistics for the AFQT composite
were smaller for th. MEPS versus 8a equipercentile-table comparison
than for the same linear-table comparison. The weighted statistics
were very similar for that comparison regardless of whether the
equipercentile or linear table was used.

Table 65 shows the deviation measures for the standard-score
composites resulting from the linear equating procedure. As might be
expected because the subtests were equated prior to forming the
composites, the average bias indices were lower than for the individual
subtests, The average deviations between the tables based on the
individual forms and the average RTC table were more uniform across the
forms than the average deviations of the subtests.

Table 66 shows the deviation measures for the equipercentile
equating tables for the standard-score composites. The average
deviations were generally higher than those observed for the linear
equating tables. The average bias between the RTC 370 table and the
average RIC table (-1.423) was much higher than the same figure for the
linear tables. The difference was due primarily to the large biases
for three composites--ARSC, AROF, and MCCO. These large biases do not
show up in the analyses of the linear tables.

Plots of Equating Transformations. The linear, unsmoothed
equipercentile, and smoothed equipercentile tables for the individual
subtests and for the raw-score composites were plotted. The plots are
included in Volume II of this report (for limited distribution to
interested readers). The plots demonstrate that the smoothing procedure
functioned well in both smoothing the table entries and in matching
the actual data quite closely throughout the middle and upper ranges of
the score distributions. For the two raw-score composites and a few
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subtests where no examinees had actually received some of the scores,

the smoothed and unsmoothed tables were sometimes relatively different
but these differences were expected in these situations.

As expected, the differences between the linear and the smoothed
equipercentile tables are most apparent at the extremes of the score
distributions. This is especially true at the lower end of the score
distributions for the Word Knowledge subtests and for the two raw-score
composites,

Plots comparing the MEPS tables with the RTC 158, average RTC, and
RTC 370 tables are also included in Volume II. The linear tables for
the MEPS form and for RTC 158 were quite similar. The smoothed tables
for these forms were also similar, especially in the middle and upper
score ranges. The linear and smoothed equipercentile transformations
from the MEPS tables and the average RTC tables were slightly less
similar. A relatively large and constant difference was found for the
linear MEPS and RTC 370 equating tables for the Numerical Operations
subtest. A similar difference was found in the middle and upper score
ranges for the smoothed equipercentile tables for this subtest.

AFQT Crossover Analyses. Table 67 summarizes the results of the
AFQT crossover analyses, It shows the proportion of examinees
classified in different mental ability categories on the AFQT due to the
application of different equating tables. When the linear equating
table based on RTIC 158 was used, for instance, four percent of the
examinees were classified into categories differently than when the RTC
average table was used. For the linear tables, the differential
classifications ranged from none {when the RTC 481 table was compared to
the average RTC table) to 0.053 (when the RTC 370 table was compared to
the average table). For the equipercentile equating table comparisons,
the proportions of differental classifications fell within that range
with one exception. Almost ten percent of the examinees were classified
differently depending on whether the table based on RTC 370 or the RTC
average table was used.

If the linear tables were used operationally, the largest classi-
fication difference expected between using the individual tables for
the six new forms or the average RTC table would be 5.3 percent. If
the equipercentile tables were to be used, the largest expected
difference would be 9.9 percent. That is, 9.9 percent of the examinees
taking test 128 (experimental form RTC 370) would be misclassified if
the average RTC equipercentile table was used. The differential
classifications for the other forms were small in comparison, the
largest being 3.4 percent for form 13a {(RTC 592).

Summary

Data collected in the RTCs and MEPS were edited to ensure that
the examinees correctly encoded the form numbers on their experimental




ansvwer sheets. The editing procedures also ensured that the examinees
responded to a minimum number of items, did not pattern their responses
in a fixed manner, and did not perform in a significantly different
manner from subtest to subtest.

The distributions of demographic variables for the different
experimental test booklets were checked to verify the assumption that
equivalent groups of examinees took the differéent tests. The
distributions of subtest scores for the different forms were then
analyzed. The score distributions for the differant forms indicated
that the new forms of the subtests were generally parallel among
themselves and parallel with ASVAB 8a. The distribution of AFQT scores
for RTC 370 (ASVAB 12a), however, was relatively different from the
distributions of AFQT scores for the other experimental forms and the
reference form,

The distributions of classical item statistics and IRT item
parameter estimates for the subtests within each content area were
compared. These distributions were similar for the various forms of
the new subtests. The largest differences in mean proportions correct
among eubtests within a conteant area (0.056) occurred in Numerical
Operations. The mean biserial item~total correlations were typically
higher for the new forms than for the comparable reference form. The
largest differences betwsen the mean IRT discrimination parameters for
the new subtests within an area (0.282) was noted in Electronics
Informstion. The largest such difference between mean difficulty
parameters (0.259) was found in Paragraph Comprehension.

Equating tables were developed for each of the forms administered
in the RTCs and for the form administered in the MEPS. An average table
for the forms administered in the PTCs was also developed. The tables
were compared by computing the bias, average absolute deviation, and
root mean square deviation across alil possible scores. The equating
transformations were then plotted and inspected visually. Finally, the
tables for the AFQT composite were compared by looking at the
proportions of differential ability classifications made when different
equating tables were used.

The table comparisons showed that RTC 370 (ASVAB 12a) was least
parallel to the other experimental forms and to the reference form. The
lack of parallelism appeared to be due primarily to the Numerical
Operations subtest included in that form. The MEPS tables were quite
similar to those for RTC 158 (ASVAB lla, the same form administered in
the RICs).
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V. SELECTION OF EQUATING TABLES

The Joint Services Selection and Classification (JSSC) Working
Group met in April of 1983 to comsider the data presented in this
document, The Working Group concluded that ASVABs lla, 11b, 12b, 13a,
and 13b were sufficiently parallel to be represented by a single
equating table. The table chosen for this purpose was the table
constructed for the experimental subtests and compogites administered
in the MEPS. This table, rather than the average RTC table which was
specifically constructed to represent all of the forms, was chosen
because it was very similar to the average RTIC form and was based on a
large, unrestricted sample of examinees in the operational population.
Figure 1 ghows the linear AFQT transformations from the MEPS equating
tables and the average RTC equating tables. Figure 2 ghows the
smoothed equipercentile AFQT transformations from the same tables,
These figures demonstrate the similarity of the MEPS and average RIC
tables for the AFQT composite,

Based on the deviation statistics for linear equating in Table 63,
ASVAB 12a (RTC 370) was considered to be less parallel than the other
foxrms. The difference was particularly large for the AFQT composite,
although the AFQT mental ability category crossover statistics for
linear equating shown in Table 67 ghowed little evidence of
non-parallelism--only slightly more than that for the average~table
versus individual-table comparisons for ASVABs 8, 9, and 10 (Ree,
Mathews, Mullins, & Massey, 1982), Figures 3 and 4 show the linear and
smoothed equipercentile AFQT transformations from the MEPS equating
tables and from the RTIC 370 (ASVAB 12a) equating tables. Because these
transformations are quite different, the Working Group determined that
the most appropriate tables for future use with form 12a were the
tables developed for RTC 370.

The Working Group also concluded that the linear equating tables
would be used because the linear and equipercentile comparisons ghowed
little difference between the two methods, and because the linear tables
were less likely to be spuriously affected by sample-specific error.

The raw-score and composite-score linear equating tables developed for
the experimental form administered in the MEPS are shown in Appendix A.
Appendix A also contains the raw-score and composite~score linear
equating tables for RTC 370, the form tentatively designated 12a,

The standard score transformations used in this study (Table 61)
were established using a 1980 American youth population (McWilliams,
1980; Maier & Sims, 1982; Ree, Valentine, & Earles, 1983), 1In 1983,
Sims and Maler reported discrepant gcore patterns for the ASVAB speeded
subtests when the 1980 sample was compared with samples of military
examinees. Subsequent research by Earles, Giuliano, Ree, and Valentine
(1983) showed that the use of a non-standard answer sheet in testing
the 1980 youth population caused the differences in